The purpose of the present study was to describe the longitudinal development of nutrient intake and to determine the stability of this intake from adolescence into adulthood. Longitudinal data of the Amsterdam Growth and Health Longitudinal Study were analysed; the dietary intake of 200 subjects (males and females) was repeatedly measured (eight times) over a period of 20 years, covering the age period of 13±33 years. Dietary intake was determined with the detailed crosscheck dietary history interview. With use of multivariate ANOVA for repeated measurements, trends in macro-and micronutrients over time and differences between genders were analysed. Furthermore, stability coefficients, corrected for time-dependent (biological age) and time-independent covariates (gender) were calculated, taking into account all the measurements. The results showed significant P , 0´001 time and gender effects for energy intake (kJ) and the following macronutrients: protein (g and % total energy supply), fat (g) and carbohydrate (g). Interaction effects between time and gender diminished when the macronutrients were calculated as a percentage of total energy intake. The micronutrients Ca, Fe and vitamins changed significantly P , 0´001 over time and showed an interaction effect with gender, with the exception of cholesterol intake (mg/MJ), which did not show an interaction effect of time and gender. The tracking of the nutrient intake showed relatively low but significant P , 0´05 stability coefficients for all macro-and micronutrients (0´28±0´52). In conclusion, dietary intake does change considerably over time, with the exception of polyunsaturated fat intake (% total energy supply) for both males and females and fat intake in females. Furthermore, stability coefficients for nutrients appeared to be low to moderate. Although these coefficients may be somewhat attenuated as a result of the relatively large measurement error of the dietary intake measurement, they suggest moderate stability of diet over time. These findings may imply that dietary intake is changeable and suggest that disease prevention measures can be implemented in adulthood.
Although longitudinal data on the relationship between nutrition and health status of individuals are still scarce, scientific evidence of the link between diet and a range of chronic diseases is accumulating (for example, see Block et al. 1992; Smith et al. 1995) . In view of the relationship between dietary intake and chronic diseases, it is interesting to study the longitudinal development of dietary intake itself and to determine the stability of this intake. If dietary intake appears to be stable from adolescence into adulthood, measures to change dietary habits in relation to disease prevention should be taken before the age of 12 years, as postulated by Kelder et al. (1994) . If, however, dietary intake is relatively unstable, it may be changeable after the age of 12 years so that disease prevention measures would need to be taken at an older age.
Surveys of a population's food intake are carried out frequently, and age trends in individual consumption of energy and nutrients have been reported (Stephen & Wald, 1990; Popkin et al. 1992; Norris et al. 1997; Osler et al. 1997) . However, most of these studies are based on cross-sectional data and are therefore not adequate to describe age trends, since the results are likely to be influenced by cohort effects. To determine whether changes over time are due to aging, repeated measurements are required of the nutrient intake for the same individuals at several points in time starting early in life.
Longitudinal research is also a prerequisite for studying the stability of energy and nutrient intakes based on individual changes. The assessment of the predictability or relative consistency of nutrient intake over time is referred to as`tracking' (Kemper et al. 1990) and is used to describe the ability to predict future values from early measurements. The few studies that have reported tracking of nutrient intakes were carried out in young children (Stein et al. 1991; Singer et al. 1995) , adolescents (Kelder et al. 1994) or in middle-aged and older adults (Jensen et al. 1984; Heaney et al. 1990; Goldbohm et al. 1995; Fernyhough et al. 1999) .
The Amsterdam Growth and Health Longitudinal Study (AGAHLS) was a 20-year longitudinal study covering adolescence and adulthood. During the period 1976 to 1996±7 a group of about 200 males and females was measured eight times. Information was collected on lifestyle patterns such as daily food intake and healthrelated risk indicators such as body weight and body fat. The present study reports the dietary data of the AGAHLS. The aim of the present study was to determine whether dietary intake remains stable from adolescence into adulthood. Age trends and stability coefficients of the intakes of energy, macro-and micronutrients are presented for male and female subjects between 13 and 33 years of age.
Methods

Study population
The AGAHLS, described extensively elsewhere (Kemper, 1985 (Kemper, , 1995 , was a multi-disciplinary longitudinal investigation. This observational longitudinal study was carried out to assess growth, health and lifestyle from adolescence into adulthood. The subjects were recruited from a secondary school in Amsterdam. Over the period of 20 years, ninety-one females and seventy-three males were measured longitudinally from age 13 to 33 years. Dietary intake was measured eight times. In the adolescent period (13±17 years) four annual measurements were taken, starting in 1977 and ending in 1980. At the age of 21 years the fifth measurement was carried out in 1985. The sixth and seventh measurements at the ages 27 and 33 years were followed in 1991 and 1996±97. The total dropout rate was 30 % over the 20-year period. Over the first 4 years of the study selective dropout could not be shown for energy intake or dietary intake (Post, 1989) . However, over the 20-year period, a dropout effect was found for energy on a per kg body weight basis at age 13 years (W De Vente, GB Post, JWR Twisk, HCG Kemper and W van Mechelen, unpublished results) . Dropouts showed a significant higher energy intake per kg body weight than responders (difference 15´5 kJ/kg body weight, 95 % CI 1´15, 29´9).
In Table 1 the mean values and standard deviations for height, body weight and sum of four skinfolds are given for the study population at the age of 33 years.
Dietary assessment
The individual dietary intake was measured by a detailed cross-check dietary history interview based on the method developed by Beal (1967) and Marr (1971) and adapted to the AGAHLS (Post, 1989) . This method provided information about the usual intake of the subjects, with a reference time of 1 month. The cross-check dietary history interview consisted of two parts. First, the subject was instructed to indicate mealtimes and type of meals on an average working day (school day) and weekend day. This information provided the interviewer with an idea of the subject's pattern of eating, which facilitated the subsequent part of the interview. The second part consisted of a structured interview using a checklist (Kemper & Van Mechelen, 1995) , thoroughly checking all the consumed food and drink items during the previous month. Subjects were questioned about foods eaten during regular meals as well as between meals. These data were collected separately for working days and for weekend days. The cross-check method provides an extra check on the precision of the reporting of food items, as the interviewer can check whether the reported habits mentioned in the first part of the interview match the reported amounts in the second part of the interview. The amounts were reported in household measures. Models were used to illustrate common portion sizes (glasses, bowls, spoons, etc.) and descriptions of foods such as potatoes and fruits were used to facilitate the estimation of weights of those food items. To determine the amount of sugar in tea and coffee and the amount of butter on bread, small scales were used to weigh the amount that was chosen by the respondent.
Since it was assumed that teenagers (13±17 years) do not necessarily know all the details regarding their food consumption and the way of preparation, a questionnaire was sent to the parents during the first four measurement years (1977±1980) about details of several food items consumed by their child. Questions concerned, for example, the type of milk (skimmed or whole milk) that was consumed, the kind and quantity of meat, and the addition of butter or sauce to vegetables and potatoes. For each individual, all amounts were converted into grams for the five working days and the two weekend days.
Nutrient intake was calculated with use of the Dutch food consumption table (Stichting Nederlandse Voedingsstoffen Bestand, 1996) . On the basis of the availability of Although data concerning alcohol intake are available, they were excluded from the analyses, since the variable was extremely skewed, particularly in the earlier years of the study when the majority of the youngsters did not consume any alcohol.
Since nutrient composition of all foods is necessarily identical because of the use of the Stichting Nederlandse Voedingsstoffen Bestand, (1996) nutrient-composition database, trend information derived by this method reflects changes in food choices, such as choosing low-fat milk instead of whole milk.
Data analysis of trends
The longitudinal development of the energy and nutrient intake pattern was analysed with use of a multivariate ANOVA for repeated measurements. The multivariate ANOVA tested a time effect (which can be seen as an age effect), a gender effect, as well as the interaction between time and gender. If there was a significant interaction effect P , 0´10Y stratified analyses were carried out analysing the data for females and males separately. In all other analyses a critical value of P , 0´05 was used.
Tracking analysis
Tracking of dietary factors was examined by generalised estimating equations (GEE; . To calculate a GEE tracking coefficient the following model was used:
where: Y it is the observations for individual i from t 2 to t m (where m is the number of measurements); b 0 is the intercept; Y it1 is the initial (first) observation of individual i at t 1 ; b 1 is the standardised regression coefficient used as the tracking coefficient; t is time; b 2 is the regression coefficient of time; X ijt is the time-dependent covariate j of individual i; b 3j is the regression coefficient of timedependent covariate j; J is number of time-dependent covariates; Z ik is time-independent covariate k of individual i; b 4k is regression coefficient of time-independent covariate k; K is the number of time-independent covariates; and e it is the measurement error of individual i. In this model, the regression of the initial measurement of the independent variable Y at time t 1 v. the longitudinal development of Y from time t 2 to t m was performed. The standardised regression coefficient b 1 can be interpreted as a tracking coefficient. Since the values of nutrient intake at each measurement were transformed into z-scores (Kleinbaum et al. 1988) , the coefficient can range between 21 and 1. However, assuming that the correlation between the repeated observations are positive, this tracking coefficient takes values between 0 (no tracking) and 1 (perfect tracking). This model also has the possibility of correcting for both time-dependent covariates (year of measurement and biological age) and time-independent covariates (gender).
The relationships between the initial value and all other values are tested simultaneously, leading to one standardised regression coefficient (b), which can be interpreted as a longitudinal correlation coefficient or stability coefficient. In the current analysis seven data points were used (at mean ages 13, 14, 15, 16, 21, 27 and 33 years). The subjects were entered into this analysis if the initial value (at age 13 years) and the last value (at age 33 years) were present, plus two of the first four follow-up years, plus one of the two measurements in between (at age 21 or 27 years).
The major advantage of this method was that the stability coefficients were calculated using all available longitudinal data. The method also takes into account the fact that the repeated observations for each individual are not independent. In all analyses a probability level of significance of P , 0´05 was accepted.
For the multivariate ANOVA for repeated measurements, the statistical software package SPSS (Nie et al. 1983 ) was used. GEE analysis was carried out with the statistical package for interactive data analysis (Gebski et al. 1992) .
Results
Age and sex trends
The results of the multivariate ANOVA (Table 2) indicated that for the age period 13±33 years the absolute intake of almost all the macro-and micronutrients for both genders showed a significant time (age) effect P , 0´001 with the exception of polyunsaturated fatty acids. In general, gender effects were found for nutrients calculated as absolute values, with the exception of ascorbic acid. Males generally had higher intakes than females. Gender effects disappeared when nutrients were calculated as En %, with the exception of protein and animal protein. Furthermore, significant interaction effects between gender and time were found P , 0´001 for this lifespan for the nutrients in absolute values. This finding means that females and males showed significantly different longitudinal intake patterns over time. For nutrients calculated as En %, interaction effects were not present, with the exception of saturated fatty acids and mono-and disaccharides.
Mean total daily energy intake is given in Fig. 1 for males and females over the total 20-year study period. Daily energy intake of females was about 9´5 MJ at age 13 years. Males showed an increasing energy intake from 12´2 MJ at age 13 years to 13´4 MJ at age 21 years. Thereafter, it decreased to about 11´9 MJ at age 33 years. Males showed a significantly higher energy intake than females of about 25 % over the whole age-range. When the energy intake was expressed relative to body weight, both sexes showed a decrease until the age of 27 (Fig. 2(a,b) ); until that age, values for males were about 377 Tracking of nutrient intake 25 % higher than those of females. At age 33 years both sexes showed an intake of 150 kJ/kg per d. Daily protein intake in females did not start to increase until the age of 21 years ( Fig. 3(b) ) whereas males showed an 18 % increase over the whole 20-year period ( Fig. 3(a) ). When daily protein intake was expressed as En % for both sexes, a significant P , 0´05 increase of 2 En % was seen (in females from about 14 to 16 En % during the 20-year period and in males from about 13 to 15 En %).
While in absolute values the total daily fat intake in males increased from 118 to 136 g until age 21 years and decreased to 116 g at age 33 years (Fig. 4(a) ), there was an important decrease in En % from fat after adolescence from 40 to 36. Females did not show significant differences for total daily fat intake over this lifespan (Fig. 4(b) ), but did show a decreasing intake in En % from fat after age 21 years (from 39 to 37).
Total daily carbohydrate intake for females decreased until the age of 27 years and increased thereafter (Fig. 5(b) ), while males increased their intake until the age of 21 years with a subsequent decrease until the age of 33 years ( Fig. 5(a) ). As En % carbohydrate supplied about 47 for both sexes at age 13 years, decreasing to 45 for women and 46 for men at age 33 years.
Increasing absolute intakes over the whole longitudinal period were seen for the nutrients Ca, Fe, riboflavin, pyridoxine and ascorbic acid in males, with the increase in females starting at the age of 21 years. Decreasing intake was seen for cholesterol in females over the longitudinal period, but in males only after the age of 21 years. Ascorbic acid intake increased significantly P , 0´05 with age in both genders, but not with the same pattern (Fig. 6 ).
Tracking Table 3 presents the results of tracking analysis between 13 and 33 years of age. For all nutrients significant P , 0´05 stability coefficients were found, ranging between 0´28 and 0´52. The highest tracking coefficient was found for energy intake relative to body weight (0´52) with a 95 % CI of 0´41, 0´63. Six of the twenty-nine nutrients showed a significant P , 0´05 interaction with gender. In Table 4 (males) and Table 5 (females) the stability coefficients are shown. Males showed higher stability coefficients than females, with the highest tracking values in riboflavin and Ca intake (riboflavin 0´54, 95 % CI 0´40, 0´68; Ca 0´52, 95 % CI 0´36, 0´68). En %, % total energy intake. * All stability coefficients were significant P , 0´05X ² For details, see p. 377. En %, % total energy intake. * All stability coefficients were significant P , 0´05X ² For details, see p. 377. En %, % total energy intake. * All stability coefficients were significant P , 0´05X ² For details, see p. 377.
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Discussion
Longitudinal trends
The trend for daily energy intake showed a significant P , 0´001 increase in males until the age of 21 years and no increase in females over the 20-year time period measured in this study. When expressed relative to body weight the daily energy intake is decreased in both sexes until the age of 27 years. The age trend showed also a significant P , 0´001 increasing En % from protein. The amount of animal protein, particularly, increased in females and males after the adolescent period. Nevertheless, the En % from fat decreased to about 36. This result was comparable with that of the Dutch population in general (Voedselconsumptiepeiling, 1998) . Overall, the drop of 2±3 % in En % from fat is an encouraging indication that this study population is modifying the fat intake in their diet in line with recommendations of the Netherlands Food and Nutrition Council (1992) . This finding is also reflected by the lowering trend in the daily cholesterol intake. The carbohydrate intake also declined over the study period, to approximately 46 En %, but this age trend is seen as undesirable. Although a favourable shift in sources of carbohydrate appeared to develop, particularly in females, a lowering of mono-and disaccharide intake (from about 127 to 120 g daily) was accompanied by an increasing intake of polysaccharides (from about 125 to 136 g daily). One factor involved in the decreasing En % from carbohydrate and fat may be the higher contribution of alcohol to the daily energy intake over the total period (data not shown). The changes towards more healthy food habits suggest that these adults may be responding to health education messages.
A limitation of the present study is the fact that age effects cannot be separated from time-of-measurement effects, e.g. secular trends in diet. Cohort effects of the cohorts within the study were investigated during the first part of the study (Kemper, 1985) and were not found.
Tracking
The stability coefficients are in line with the outcomes of the multivariate ANOVA for repeated measurements. Although the GEE tracking coefficients of energy intake and all macro-and micronutrients were significantly different from zero, the values ranging from 0´28 to 0´45 over a period of 20 years demonstrated a stability of dietary intake that was low to moderate. This finding indicates that dietary intake during adolescence (age 13 years) seems to be a fairly weak predictor of dietary intake in the adult. In other words, when a girl or boy at the age of 13 years has a relatively low or high nutrient intake, he or she does not necessarily also have a low or high intake at the age of 33 years. These tracking coefficients are comparable with those of other lifestyle variables such as daily physical activity (0´34), but considerably lower than biological measures such as total serum cholesterol level (0´71) and sum of skinfolds (0´63; Twisk et al. 1997) over the same period. This difference may be explained by the fact that nutrient intake is a behaviour that is less determined by genetic factors than by biological variables (de Castro, 1993a,b) . Furthermore, it should be noted that the measurement error of lifestyle factors, such as dietary intake, is generally larger than the measurement error of biological factors such as cholesterol level. Thus, the stability coefficients in the present study are likely to be somewhat attenuated.
Comparison of tracking of nutrient intake in younger (Stein et al. 1991; Kelder et al. 1994; Singer et al. 1995) and older age-groups (Van Staveren et al. 1986; Jain et al. 1989; Goldbohm et al. 1995) gives rise to the belief that the coefficients become higher as the age of the subjects at the start of the study increased. This finding suggests that nutrient intakes tend to stabilise with increasing age. Although Kelder et al. (1994) have demonstrated relatively good tracking of dietary intake during the 6 years of adolescence, the current study postulates that dietary intake does not stabilise in this period, as shown by the relatively moderate predictability of dietary intake during adulthood by the dietary intake during adolescence. Since in other longitudinal studies GEE tracking coefficients had not been calculated over a similarly long period, it was not possible to compare the outcomes.
Dietary intake measurement and calculation
Although the study design and diet-assessment methodologies were identical for all the measurement years, and the validity and reproducibility of the cross-check dietary history used in the present study have been demonstrated (Post, 1989) , several limitations of the nutritional data can be noted. Principally, all dietary interviews over the years were conducted by the same dietitian, but for the last measurement (1996±7) two other interviewers were involved. In order to minimise the risk of systematic differences between the interviewers, they were thoroughly trained and attuned to the same procedure.
Another limitation of the current study is the use of one nutrient database (Stichting Nederlandse Voedingsstoffen Bestand, 1996) for the calculation of nutrient intake data measured between 1977 and 1997. The nutrient database for the years 1976±80 gave different compositions from that used in 1996±7. During these 20 years not only has a more precise method of analysing food items been developed, but also the composition of ingredients has changed; for example, there has been a reduction in the fat content of meat products and milk, resulting in a difference in the nutrients offered. We have chosen to use only the database of 1996±7, making the assumption that the nutrient content was more or less identical. It is likely that the use of different systems would introduce additional errors in the estimation of nutrient intake. A shift towards less-frequent consumption of important fat sources or new foods with less fat not included in the interview will affect the magnitude, but not the direction, of the observed trend. Norris et al. (1997) described US trends in nutrient intake between 1987 and 1992, analysed using identical food composition databases of 1992 or food composition tables of the particular year of measurement. When analysed with the identical 1992 database, a further decrease in fat intake was shown. A third limitation, common to all self-report methods, is response bias. Repeated testing can have an effect by under-reporting, as has been shown in our study during adolescence (Post, 1989) and in other studies (Black et al. 1991; Goldberg et al. 1991) . Furthermore, participants may answer in a socially desirable way; for example, reporting fewer`fatty foods' because health messages had emphasised the desirability of lowering fat content in the diet. During a period of 20 years various health messages could have influenced the reported dietary intake. It is often suggested in the literature that women are more prone to socially desirable answers than men (Westerterp et al. 1992) . It is difficult to determine the extent to which the subjects in our study were affected. If it is true that underreporting was more present in females than in males from the start of the AGAHLS, or whether they started doing this during the research period, part of the gender effects or genderÂtime interaction effects could be explained by this under-reporting. With regard to stability coefficients, substantial under-reporting by part of the research population, resulting in substantially lower dietary intake for the subpopulation that under-reported in comparison with that of the subpopulation that did not under-report, most probably results in inflation of these coefficients. In this manner, the cross-sectional differences are relatively large in comparison with the individual changes over time. However, if females (or another subpopulation) started to under-report their dietary intake during the study, the stability coefficients are most likely to be deflated. In this 383 Tracking of nutrient intake way changes are artificial, since they are caused by a response shift and do not reflect actual changes in dietary intake.
Conclusions
From the results of the present study it can be concluded that over a period of 20 years the dietary intake of a group of Dutch males and females changed considerably over time. Although the stability coefficients may be somewhat attenuated due to measurement error, stability of the individual nutrient intake over 20 years can be considered as moderate, and does not allow a good prediction to be made from the teenage period to the adult period. These outcomes suggest that dietary intake has not stabilised during adolescence, and may suggest that dietary intake, in principle, can be quite changeable. However, to date, the health promotion strategies designed to change dietary intake do not seem to have been sufficiently effective.
